Observations of the black hole in the center of the Milky Way with the Event Horizon Telescope at 1.3 mm have revealed a size of the emitting region that is smaller than the size of the black-hole shadow. This can be reconciled with the spectral properties of the source, if the accretion flow is seen at a relatively high inclination (50
INTRODUCTION
Observations of tight correlations between the properties of galaxies and of their central, supermassive black holes (e.g., Ferrarese & Merritt 2000; Gebhardt et al. 2000) provide strong evidence that their formation and growth histories are tightly coupled (see, e.g., Kormendy & Ho 2013 , for a recent review). This connection is further strengthened by the observed similarity between the histories of star formation and the evolution of quasars (cf. Madau et al. 1996 and Boyle & Terlevich 1998) as well as by the connection between starbursts and AGN activity (Kauffmann et al. 2003 ).
An important element in modeling the evolution of supermassive black holes is the orientation of their spins with respect to the planes of the galaxies in which they reside and to the angular momenta of the material that accretes on them (Dotti et al. 2013 and references therein). For example, black holes are believed to acquire most of their spins via accretion (Berti & Volonteri 2008; Barausse 2012 ) and the magnitude of this effect depends on the relative alignment of the accretion flow with the black-hole spin. During mergers, black holes may receive substantial kicks depending on the relative orientation of the two merging objects (e.g., Baker et al. 2008) . Finally, the interaction of the spin of a supermassive black-hole with the accretion flow (Scheuer & Feiler 1996; Martin et al. 2007 ; see also McKinney et al. 2013) or with the stars in its vicinity (Merritt & Vasiliev 2012) leads to an alignment of the black hole with the inner regions of the galaxy and further affects the outcome of the above phenomena.
Observationally, the alignment of a black-hole spin with the axis of a galactic disk can be inferred primarily by indirect means. Statistical comparisons of the orientations of host galaxies with the AGN type of the blackhole accretion flows they harbor find some evidence for partial alignment (e.g., Lagos et al. 2013 ). On the other hand, individual comparisons of the relative orientations between galactic disks and radio jets (e.g., Schmitt et al. 2002 ) and between galactic disks and H 2 O maser sources (Greenhill et al. 2009 ) argue against such an alignment. The latter studies suggest that the accretion flows, which are responsible for launching the radio jets and for generating the masers, are not aligned with the disks of their hosts galaxies. However, due to obvious resolution limitations, such studies cannot address whether or not the inner accretion flows are aligned with the distribution of gas and stars in the vicinity of the black holes or with the black-hole spins themselves.
The Event Horizon Telescope performs sub-mm VLBI observations of the inner accretion flows around the black holes in the center of the Milky Way (Sgr A * ; Doeleman et al. 2008 ) and of M87 (Doeleman et al. 2012) . Because of its ability to resolve horizon-scale structures, it provides unique probes of the inner accretion flows around these black holes, of the jet launching region in M87, and potentially of the orientations and magnitudes of the black-hole spins. In the case of Sgr A * , the orientations of the stellar orbits within the central 0.1 pc are also known (e.g., Bartko et al. 2009 ) and can be used in addressing directly the question of alignment between the inner stellar disk, the accretion flow, and the black-hole spin.
In this article, we argue that the measurement of the size of the emitting region of Sgr A * at 1.3 mm can be reconciled with the spectral properties of the source only if the latter is viewed at a relatively high inclination. Because of the small inferred size, the resulting inclination can be inferred robustly even with the current limited -The dependence of the effective area of the image of a radiatively inefficient flow around Sgr A * on its inclination. All the images are calculated with accretion-flow parameters that reproduce, for each inclination, the observed sub-mm spectrum of the source. The horizontal line shows the measurement and the blue-shaded area the 99.7% uncertainty of effective area reported in 2008 by the Event Horizon Telescope. Only for relatively high inclinations, at which Doppler effects boost the brightness of the approaching region of the flow and cause a large asymmetry in the image, can the observed flux from the source be reconciled with its relatively small size. data and depends very weakly on the assumed thermodynamic properties of the accretion flow. Moreover, the inferred angular momentum of the inner accretion flow around Sgr A * is nearly aligned with that of the inner stellar disk, even though it is not aligned with the symmetry axis of the Milky Way. We conclude that either the black hole is not spinning rapidly or that the angular momentum of the black hole is also aligned with that of the stellar disk.
THE ORIENTATION OF THE INNER ACCRETION
FLOW AROUND Sgr A * Throughout this work, we define the orientation of an angular momentum vector in terms of two angles: the inclination θ measured with respect to the line of sight and the orientation φ of the projection of the vector in the sky measured in degrees North of East. This is the same coordinate system used by Bartko et al. (2009) in defining the orientations of the stellar orbits. The angle φ is related to the angle ξ that is measured in degrees East of North (and that is often used in other articles of the sub-mm image of Sgr A * ) via φ = 90 • − ξ.
The Orientation Based on EHT Observations
Observations of Sgr A * with the Event Horizon Telescope have been reported for two epochs (2007 and 2009) . In each case, the array resolved a source with a size of ∼ 40 µarcsec, which translates to about four Schwarzschild radii. This size is consistently smaller than the expected diameter of the shadow of the black hole (Doeleman et al. 2008; Fish et al. 2011) , which is about ∼ 5.2 Schwarzschild radii for zero spin. -The posterior likelihood of (red) the inclination of the angular momentum of the stellar disk within 3.5 arcsec from Sgr A * (Bartko et al. 2009 ) and (blue) of the accretion flow, as inferred by Broderick et al. (2011) when fitting analytical models of radiatively inefficient flows to observations made with the Event Horizon Telescope. The horizontal error bars above the two curves show the most likely value and range for the inclination of the accretion flow, as inferred by Dexter et al. (2012) and by Shcherbakov et al. (2012) , by fitting numerical GRMHD models to a subset of the same Event Horizon Telescope observations.
The most straightforward way of understanding the fact that the emitting region in the accretion flow is smaller than the size of the shadow is to consider the effects of Doppler boosting on the emitted photons (Doeleman et al. 2008) . Doppler effects increase the brightness of the approaching region of the accretion flow and reduce the brightness of the receding region. This leads to an asymmetric image with large brightness but very small effective area. In order for this interpretation to work, however, the accretion flow needs to be observed at a relatively high inclination. Figure 1 shows the dependence on inclination of the effective area of the accretion flow imaged at 1.3 mm, such that, at each inclination, the parameters of the accretion model acquire the value necessary to emit the observed flux. The model images used for this figure are from Broderick et al. (2011a) and the effective area was calculated, for each inclination, as the intensity weighted angular area of the image. The blue shaded area shows the area of the image detected during the original observation with the Event Horizon Telescope, assuming a circular Gaussian shape (Doeleman et al. 2008) . The observed flux and the small size of the emitting region can be accommodated within this model only if the accretion flow is observed at a ∼ 60
• inclination. Even though the above argument provides a good illustration of the way in which Doppler effects render the predicted 1.3 mm size of Sgr A * comparable to the observed one, it is not conclusive. Figure 1 compares haphazardly an intensity weighted area of the crescentshaped predicted image to the effective area of a Gaussian that was assumed in fitting the observations. In fact, a uniform ring of emission, with a size consistent with the opening angle of the black-hole shadow was also used by Doeleman et al. (2009) to fit the initial EHT data.
Subsequent observations of Sgr A * with the Event Horizon Telescope allowed for a partial coverage of the u − v plane, predominantly along E-W baselines. Broderick et al. (2011a) The measurement of the inclination depends rather weakly on the accretion model, as long as the flow remains nearly equatorial. The small size of the emitting region makes the result independent of the details of the accretion flow at larger scales. What we observe is primarily emission from a very localized region of the accretion flow that lies close to the innermost stable circular orbit and is pointing towards the Earth. Indeed, a similar analysis by Dexter et al. (2010) and Dexter et al. (2012) , who used 3D GRMHD models of the accretion flow that are both time-dependent and highly turbulent, resulted in a very similar inference for the inclination angle: θ BH = 60 ± 15 degrees. In similar studies, Huang et al. (2007 Huang et al. ( , 2009 ) estimated an inclination of 45
• . Finally, Shcherbakov et al. (2012) obtained a good fit of their GRMHD models to the data for inclinations in the range 45 − 75 degrees, with the lowest inclinations being preferred, if the black hole is spinning slowly.
Note here that the ranges of inclinations inferred in the above studies have been marginalized over the inferred orientations of the projection of the angular momentum vector on the sky. The latter quantity is not well determined by the current Event Horizon Telescope observations, primarily because of the lack of substantial N-S baselines. Broderick et al. (2011a) give φ BH = 142 +15 −17 degrees and Dexter et al. (2012) give φ BH = 160 +15 −86 . Because only the amplitudes (and not the phases) of the interferometric visibilities were used in these studies, there is a degeneracy between these values and values that are offset by 180 degrees. Taking into account this degeneracy as well as the large measurement uncertainties leads to a very poor determination of the orientation of the angular momentum vector on the sky. In §4, we identify the optimal baselines at which a measurement of the correlated flux densities will allow for a precise inference of this angle. It is worth emphasizing, however, that the most likely values of the inclination depend rather weakly on the orientation of the angular momentum vector on the sky because the size of the image is determined primarily by Doppler effects, as discussed above.
The most significant assumption in the above argument is related to the alignment of the angular momentum of the accretion flow with the spin of the black hole. Dexter & Fragile (2013) argued that, if the black hole is spinning moderately to fast, its angular momentum vector is misaligned from the angular momentum vector of the accretion flow, and accretion proceeds via a geometrically thick flow, then the size of the mm image of Sgr A * will not provide a clear measure of its inclination. Instead, the shape of the image will be dominated by emission from the shocks between differentially precessing fluid elements. This will cause the apparent size of the emitting region to be small; as such, it will not provide a good measure of the Doppler boosts between the approaching and receding regions of the flow. Even though the current data are insufficient to distinguish between the two possibilities, the similarity in the visibility amplitudes between observations separated by several years (Broderick et al. 2011a) suggests that the mm image of Sgr A * is not dominated by transient emission, as we would expect from shocked material. Future EHT observations will have the sensitivity to clearly disentangle such time-variable structures, if they exist Fish et al. 2009b ).
Alignment of the Accretion Flow with the Stellar
Disk The orientation and inclination of the inner accretion flow around Sgr A * , as inferred in the previous section, is misaligned with that of the galactic plane, for which θ MW 90
• and φ MW 330 • (Reid & Brunnthaler 2004 ). This is not surprising, however, because the stars within a few arcsec from Sgr A * , for which monitoring of their orbits has been possible, appear to lie predominantly in a series of concentric disks that are inclined with respect to the galactic plane.
It is widely believed that the majority of stars orbiting the black hole at projected distances in the range 1 − 10 arcsec lie on a clockwise disk (Levin & Beloborodov 2003; Genzel et al. 2003; Paumard et al. 2006; Lu et al. 2009; Bartko et al. 2009 ). There is evidence that the disk is warped (Bartko et al. 2009 ), with an orientation that evolves with distance. However, the orbital angular momentum vectors of the stars with projected distances that are closest to Sgr A * point, on average, Najarro et al. 1997; Martins et al. 2007 Martins et al. , 2008 . The stars at angular distances 1 − 3 arcsec, the orbits of which appear to be aligned with the inner accretion flow around the black hole, have the high mass-loss rates that are believed to be supplying the gas to the black hole. towards a direction characterized by θ CW = 54 ± 3.2 degrees and φ CW = 256 ± 3.2 degrees (Bartko et al. 2009 ), with a distribution that has a HWHM of 16 degrees. A different, counterclockwise stellar disk at similar projected distances has also been suggested with an inclination of θ CCW 142
• and an orientation of φ CCW 200 et al. 2009 ; see also Genzel et al. 2003; Paumard et al. 2006; see, however, Lu et al. 2009; Yelda et al. 2014) . Recently, a cloud (G2) was discovered in the vicinity of Sgr A * (Gillessen et al. 2012) , with a trajectory that eventually intercepted Sgr A * in mid-late 2013 (Gillessen et al. 2013) . The orbital plane of the cloud was found to be within the HWHM of the orientations of the stellar orbits; Gillessen et al. (2012) give θ G2 = 70.52 degrees and φ G2 = 264.2 degrees, whereas Phifer et al. (2013) infer θ G2 = 59 ± 3 degrees and φ G2 = 304 ± 11 degrees. Figure 2 compares the posterior likelihoods for the inclinations of the stellar disk to that of the inner accretion flow around Sgr A * , as inferred by EHT observations. This figure suggests that the angular momentum of the inner accretion flow may be aligned with the angular momenta of the stars in the inner disk. Figure 3 shows the cumulative posterior likelihood that the inclinations of the two angular momentum vectors are within an angle ∆θ 0 by coincidence. In order to take into account the Lutz-Kelker bias (since the inclination angle can only be positive by definition), we generated a large number of Monte Carlo realizations of the two vectors with random directions in the sky. We then assigned Gaussian errors in the measurements of the inclinations of the two vectors, with a dispersion of 15
• degrees for the black hole and of 3
• for the stellar disk, to match the observational errors. We finally calculated the fraction of the resulting measurements that lie within an angle ∆θ 0 . The likelihood that the two inclinations are within 14
• by coincidence is 25%. If we adopt the inclination inferred by Dexter et al. (2012) so that the two inclinations are within 6
• of each other, we find this likelihood to be 13%.
DISCUSSION
In the previous section, we compared the inclination of the inner accretion flow around Sgr A * , as inferred from observations with the Event Horizon Telescope, to that of the stellar disk that lies within the central 3.5 arcsec and found them to be within 6 − 14
• of each other. We then used this evidence to argue that the angular momentum of the inner accretion flow around the black hole in the center of the Milky Way is nearly aligned with that of the stars close to it.
It is worth pointing out that the inner accretion flow appears to be aligned with the stellar disk 3.5 arcsec away, even though a large number of stars (the S-star cluster) are closer to the black hole and have more isotropic orbits (see, e.g., Gillessen et al. 2009 ). This should not be very surprising, however, given that the stars at 1 − 10 arcsecs have much higher inferred wind mass-loss rates and are the ones that are probably supplying the accreting material to the black hole (see Fig. 4 and Rockefeller et al. 2004; Cuadra et al. 2006) .
The lack of variability in the size of the image of Sgr A * (see Fish et al. 2011; Broderick et al. 2011a ) and the evidence shown in Figure 2 suggest that the emission from shocks due to the differential precession of nearby fluid elements is absent from the image of Sgr A * . This can be achieved either if the black-hole angular momentum is nearly aligned with that of the flow or if the black hole is slowly spinning (Dexter et al. 2012 suggest within 15
The black hole may be aligned with the stellar cluster and the inner accretion flow either because of spin-orbit exchanges with the stellar cluster (Merritt & Vasiliev 2012) or due to dissipation of its angular momentum in a geometrically thin disk (Scheuer & Feiler 1996) . Merritt (2010) inferred that the inner stellar cluster has a mass of ∼ 10 4 M and a core radius of ∼ 0.1 pc. Even though the orbital angular momentum in this cluster is comparable to that of the black hole, the mutual precession timescale is > 10 10 yr (Merritt & Vasiliev 2012) . Such a long timescale makes it highly unlikely that Sgr A * could have been aligned because of spin-orbit exchanges with the stellar cluster.
If Sgr A * was accreting at some point at a relatively high rate via a geometrically thin accretion disk, it would have aligned after a time of (Scheuer & Feiler 1996; Volonteri et al. 2005) t align 10 7 χ 2/3 α 0.1
where α is the viscosity parameter, χ is the spin of the black hole, H is the scale height of the disk at distance R, andṀ /Ṁ E is the mass accretion rate in units of the Eddington critical rate. In that amount of time, Sgr A * would have accreted a large fraction of its own mass and significantly more mass than is currently available within 0.1 pc, in the stellar cluster. This is, therefore, a highly unlikely possibility, as well.
It is worth emphasizing here that relation (1) assumes that the only mechanism that causes the disk angular momentum to align with the black-hole spin is related to the Bardeen-Petterson effect (Bardeen & Petterson 1975) . If additional aligning mechanisms are effective, such as the one discussed in McKinney et al. (2013) that invokes large magnetic torques near spinning black holes with extensive jets, then the above timescale will be altered. However, such additional effects, which have comparable strength as the Bardeen-Petterson torques, will not significantly change the very long timescale calculated above. The most likely conclusion is that Sgr A * is slowly spinning, which is also indicated by the analysis of brightness distribution in the 1.3 mm images of the inner accretion flow (e.g., Broderick et al. 2011a) .
Observations of the 1.3 mm image of Sgr A * with the Event Horizon Telescope in the near future, when more stations are added to the interferometer, will break the degeneracies in the measurement of the two orientation angles and provide additional evidence to support or refute the result presented here.
First, in order for the array to maximize its ability to measure the orientation of the angular momentum of the accretion flow on the plane of the sky, a set of orthogonal baselines with a separation comparable to the projected size of the black-hole shadow must be used. This is demonstrated in Figure 5 , which shows the scatteringbroadened images and the corresponding u − v maps for two different orientations of the accretion flow that are separated by 90
• . For this figure, we have used the images of Broderick et al. (2011a) that best reproduce the currently observed spectra, polarization limits, and size of Sgr A * . The black-hole shadow generates two null regions in the u − v plane that are probed by a number of nearly orthogonal baselines, e.g., the Chile-LMT baseline in the N-S direction and the Hawai'i-SMT baseline in the E-W direction. If the black-hole shadow is indeed imprinted on the image, then visibility amplitudes of these two baselines will be anticorrelated. Moreover, the ratio of the visibility amplitudes measured along these two baselines will provide a direct measure of the orientation of the angular momentum of the accretion flow in the sky (see Fig. 6 ). In particular, if the inner accretion flow is aligned with the stellar disk (i.e., if φ = 256
• ), then the two baselines should have comparable correlated flux densities that are of order ∼ 0.3 Jy.
When only the visibility amplitudes of the u − v maps are used, then there is an additional degeneracy between orientations that differ by 180
• . This degeneracy can be lifted with the use of closure phases that have already become available to 1.3 mm observations of Sgr A * (see Broderick et al. 2011b) . Finally, if quasi-coherent regions of enhanced emission (i.e., blobs) are seen orbiting the black hole (see, e.g., Broderick & Loeb 2006; Doeleman et al. 2009 ), then whether these bright regions appear to move clockwise or counterclockwise on the image plane will break the degeneracy between supplementary inclinations.
The orientation of the spin of Sgr A * can be also be inferred if a jet is discovered that originates from the central black hole. Several candidate jet structures have been identified during the last decade, with orientations that practically cover the entire range of possibilities (see the discussion in Li et al. 2013) . If the black-hole spin is aligned with the orbital angular momenta of the stars in the inner clockwise disk, which themselves are almost orthogonal to the orientation of the galactic pole, then the jet structures most recently identified by Li et al. (2013) and Su & Finkbeiner (2012) cannot be related to Sgr A * . On the other hand, the structures identified by Muzić et al. (2007) and Yusef-Zadeh et al. (2012) will be roughly aligned with the inferred spin axis of the central black hole. The situation is, of course, reversed, if the orientation of the black-hole spin is at ∼ 142
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